A striking correspondence between the effects of an auxiliary-mode-assisted transfer of light power between two waveguides and an auxiliary-state-assisted transfer of an electron between two quantum dots is highlighted by the example of an exactly solvable model. 
findings, the authors of Refs. [3, 4] made use of the formal analogy between the Maxwell and Schrödinger equations [2] .
In this Letter, by the example of an exactly solvable model, we show that there is not only the mere analogy but a striking one-to-one correspondence between the effect of auxiliary-mode-assisted transfer of light power from the lowest order mode of one waveguide to the lowest order mode of another waveguide and the effect of auxiliary-stateassisted transfer of an electron from the lowest localized state of one quantum dot to the lowest localized state of another quantum dot, the latter being equivalent to the effect of auxiliary-level-assisted coupling of two logical states of the superconducting Josephsonphase qubit suggested to realize a general quantum gate without tunneling [5] .
In weakly guiding structures with a slow z-dependence of the refractive index n(ρ ρ ρ, z),
for the nonzero component E(ρ ρ ρ, z) of a linearly polarized electric field can be rewritten [3, 4] by the substitution
as
where ρ ρ ρ = (x, y), k(ρ ρ ρ, z) = 2πn(ρ ρ ρ, z)/λ, k 0 = 2πn 0 /λ, n 0 is the refractive index of the waveguide cladding, λ is the free space wavelength,h e = 1/k 0 , and
The equation (3) for Φ(ρ ρ ρ, z) is formally equivalent to the Schrödinger equation
for the wave function Ψ(r, t) of an electron moving in the time-dependent potential U(r, t),
where r = (x, y, z), m * is the effective electron mass, andh is the Planck constant. This 
The states |L and |R can be represented as symmetric and antisymmetric superpositions of the eigenstates |1 and |2 with the eigenenergies ε 1 = ε 0 − ∆ and ε 2 = ε 0 + ∆,
Since the states |L and |R are not the exact eigenstates of the HamiltonianĤ 0 , the initial state |Ψ(0) = |L will evolve with time as
so that the electron will tunnel to the dot R in time T =hπ/2∆. In the case that the energy barrier U b separating the dots is high and/or the ratio of the dot spacing d to the dot size a is large, the value of ∆ appears to be exponentially small, so that ε 1 ≈ ε 2 ≈ ε 0 , and the electron remains localized in the dot L for a macroscopically long time, e. g.,
T ∼ 10 8 s at U b = 1 eV and d/a = 3, see Ref. [7] .
In order to facilitate the fast electron transfer between the dots of such a nanostructure, one can make use of the external electromagnetic field [7] . We assume that there is an excited level |3 in the nanostructure (not necessarily third in order), whose energy ε 3 is close to the top of the potential barrier separating the dots, so that the corresponding wave function r|3 is delocalized between the dots. Let the nanostructure be subjected to a periodic stepwise perturbation
with the period T 0 and the duration T = NT 0 >> T 0 . If the value of (ε 3 − ε 1 )/h ≈ (ε 3 − ε 2 )/h equals to one of the frequencies Ω n = 2πn/T 0 in the Fourier expansion
where
then both states |1 and |2 are resonantly coupled to the state |3 . This coupling results in the coherent evolution of the electron state vector, so that the probability p R to find an electron in the state |R varies with time as [7] 
If T = π/2ω + πm/ω, where m ≥ 0 is an integer, then p R (T ) = 1 and, hence, after the applied perturbation is off at t = T , the electron will stay localized in the state |R . The value of T can be made many orders of magnitude shorter than in the case of direct electron tunneling between the dots. For example, if the external perturbation is associated with the electric field, V (r) = −eE 0 r, then T ∼h/eE 0 a ∼ 10 −8 s at E 0 = 1 V/cm and a = 1 nm.
Now we turn to the double-waveguide structure. In Ref. [3] , the periodic perturbation in the z-direction was generated by changing the width of the parallel waveguides by b = 0.5 µm in a stepwise fashion, see Fig. 2 , so that
where n 1 is the refractive index of the waveguide cores, g(ρ ρ ρ) = 1 if ρ ρ ρ is within the distance b of the corresponding waveguide side and g(ρ ρ ρ) = 0 otherwise, and
Here the period L 0 and the total length L = NL 0 of the spatial perturbation correspond, respectively, to the period T 0 and the duration T of the time-dependent perturbation in the case of the resonant electron transfer between the quantum dots. The periodic
If the input light power is localized in the left waveguide, then Φ(ρ ρ ρ, 
Making use of the above mentioned correspondence between the equations for Φ(ρ ρ ρ, z)
and Ψ(r, t), one has for the directional coupling probability of the light power
Here |R and |3 denote the mode
waveguide and the delocalized mode Φ 3 (ρ ρ ρ), respectively. If L = π/2K + πm/K, where m ≥ 0 is an integer, then P R (L) = 1 and, hence, the output light power at z = L will be localized in the right waveguide. It is this effect that has been observed in Ref. [3] . For the waveguide structure studied in Ref. [3] a rough estimate gives L = (1 ÷ 10) mm, in a qualitative agreement with the length of the periodic structure 7 mm in Ref. [3] . For the quantitative calculations of the spectrum of the waveguide modes, one should account for all specific details of the structure.
Finally, we note that the most probable reason for incomplete (about 50%) power transfer to the right waveguide and the excitement of different high-order optical modes [3] is the deviation from the "resonant conditions" due to non-optimal waveguide structure parameters. For example, in the case of the laser-induced electron transfer between the quantum dots, when the frequency is offset from resonance [δ = Ω n −(ε 3 −ε 1 )/h = 0)], the maximum value of p R (t) is less than unity, e. g., p R (T ) = 1 − (π 2 /64)(δ/ω) 2 at T = π/2ω, see Ref. [7] . The difference in the dot sizes results in p R (T ) decrease as well [8] . All expressions derived in Refs. [7, 8] for the ac field perturbed double-dot nanostructure have their analogues in the spatially perturbed double-waveguide dielectric structure and can be used for its engineering.
To conclude, the only essential difference between the two effects considered is that one of them has been observed experimentally [3] , while another [5, 7] , to the best of our knowledge, not yet. We hope that this Letter will give impetus to experimental research in this direction.
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